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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention generally relates to restoring DC spectrum for 

analog televison signals in direct conversion receivers. More specifically, the 
present invention relates to correcting DC offset and 1/f noise, or other unwanted 
DC noise in analog TV signals. 

' Background Art 

[0002] Direct-conversion, or homodyne receivers are popular for many 

communications applications because of their simplicity and low power. They 
do not require intermediate-frequency (IF) filters, which are often costly, and 
need only one frequency conversion stage and one local oscillator (LO). By 
comparison, dual conversion receivers necessarily require two frequency 
conversion stages, and two different local oscillators. Therefore, the dual 
conversion receivers consume more power and have a higher part count than 
direct-conversion receivers. 

[0003] Direct-conversion receivers rely entirely on quadrature mixing to obtain 

the necessary image rejection. Single-conversion low-IF receivers for broadband 
communication systems, such as direct broadcast satellite (DBS), broadcast or 
cable television (CATV), may rely on some combination of quadrature 
conversion and pre-selection with tracking or switched filters. By comparison, 
double-conversion receivers for these applications rely more on IF filtering for 
image rejection. Because the IF frequencies can be fixed, very sharp filters, such 
as surface acoustic wave (SAW) filters, need to be used in the dual conversion 
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receiver. However, these filters are relatively costly and prevent the 
implementation of a truly integrated single chip solution. 

[0004] In relation to DC offset compensation, a disadvantage of direct-conversion 

receivers is that sorne point in the middle of the desired channel spectrum is 
down-converted to 0 Hz, or DC. In other words, the direct conversion translates 
useful information directly to DC. However, DC offset voltages and 1/f noise also 
co-exist at DC with the useful information, which impairs the signal-to-noise 
ratio around DC. Blocking capacitors (AC coupling) can be used to reduce or 
eliminate DC Offset voltages and 1/f noise. However, blocking capacitors 
necessarily introduce a null in signal energy at DC. Therefore, useful signal 
information at DC is eliminated along with the unwanted DC Offset by the 
blocking capacitor, The DC null is acceptable for some communications systems. 
However, the DC null is unacceptable for analog TV signals because it would 
degrade the video signal below that which a viewer would find acceptable. 

[0005] What is needed is a technique to compensate for DC offset in a direct 

conversion receiver that does not null the signal energy during an active portion 
of the input signal, so as to enable direct conversion of analog television signals 
without impairing viewing quality, 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention is a DC compensation circuit that restores the 

frequency spectrum of an input signal at DC (or 0 Hz) by removing or reducing 
any DC offset, 1/f noise, or any other unwanted noise at or near 0 Hz. The DC 
compensation is performed without nulling the input signal spectrum at 0 Hz (or 
DC) of the input signal, so that no signal information is lost at 0 Hz during an 
active period of the input signal. In other words, the DC compensation is 
performed using direct coupling, as opposed to AC coupling, so that no useful 
signal information is lost at DC during the active period of the input signal. In 
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one embodiment, the input signal is a channel that is selected and down- 
converted from an RF input signal having a plurality of channels. For example, 
the input signal can be a down-converted TV channel having a continuous 
spectrum from 0-3 MHz, or -3 to 3MHz considering both in-phase and quadrature 
components during active portions of the TV signal. Analog TV signals include 
an active period and inactive period when examined over time. The active period 
carries useful channel information, and the inactive period allows the TV screen 
to re-trace, which is known as horizontal blanking or horizontal sync. The DC 
compensation is performed such that the unwanted DC noise is detemiined during 
the inactive period of the TV signal and not the active period, which is 
advantageous since the active period carries the useful channel information. 
[0007] The DC compensation circuit samples the input signal during the inactive 

period of the input signal. After which, the unwanted DC noise is determined 
from the sampled signal and stored until the active period of the input signal 
returns. For example, the sampled signal can be filtered using a passband around 
DC so as to isolate the signal energy at DC during the inactive period of the input 
signal. Since there is no useful signal iiiformation present during the inactive 
period, any signal energy at the output of the filter is necessarily unwanted DC 
noise. In a feed-forward approach, the unwanted DC noise is then subtracted from 
the input signal during active portion of the input signal to compensate or cancel 
the unwanted DC noise, which can include DC offset, 1/f noise, or any other 
unwanted noise. Alternatively, the unwanted DC noise could be sampled and 
determined during the inactive portion and then fed back {a&er filtering) in order 
to be subtracted during the active portion of the input signal. 
[0008] The DC conipensation circuit is directly coupled and does not introduce 

a DC null in the signal spectruni of the input signal, as would occur for an AC 
coupled configuration. This is advantageous for analog TV signals that carry 
useful information at DC, as this usefril information would be lost if the signal 
spectrum was nulled at DC, Furthermore, the input signal is sampled during the 
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inactive period of the input signal to determine the unwanted DC noise, leaving 
the useful signal information undisturbed during the active period. For instance, 
with analog TV signals, the input signal is sampled during the horizontal blanking 
period, which carries no useful signal information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention is described with reference to the accompanying 

drawings. In the drawings, like reference numbers indicate identical or 
functionally similar elements. Additionally, the left-most digit(s) of a reference 
number identifies the drawing in which the reference number first appears. 

[0010] FIG. 1 illustrates an IQ direct conversion receiver. 

[0011] . FIG. 2 A illustrates an RF input signal for a TV signal prior to down- 
conversion and channel selection. 

[0012] FIGs. 2B-2C illustrate the firequency spectrum of I and Q baseband TV 

signals during an active period of the TV signal. 

[0013] FIGs. 2D-2E illustrate the frequency spectrum of I and Q baseband TV 

signals during an inactive period of the TV signal. 

[0014] FIG. 3 illustrates a DC compensation circuit 300 according to 

embodiments of the present invention. 

[0015] FIG. 4 illustrates a flowchart that further describes DC offset 

compensation according to embodiments of the present invention. 

[0016] FIG. 5 illustrates a DC compensation circuit 500 that is a feedback 

configuration for DC offset compensation according to embodiments of the 
present invention. 

[0017] FIG. 6 illustrates direct conversion of an analog TV signal with DC offset 

compensation according to embodiments of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



[001 8] FIG. 1 illustrateis an IQ direct conversion receiver 1 00 that down-converts 

an RF input 1 02 to an I baseband signal 1 26 and a Q baseband signal 1 28. In one 
embodiment, the RF input signal 102 is an analog television signal 102 having 
a plurality of TV channels that occupy the frequency spectrum from 
approximately 50 MHz to 860 MHz, as shown in FIG. 2 A, In North America, 
each TV channel is typically 6 MHz wide, and in Europe, each TV channel is 
typically 8 MHz wide, but these mentioned channel frequencies are not meant to 
limit the invention. 

[0019] The direct conversion tuner includes amplifier 1 04, niixers 1 06 and 110, 

lowpass filters 112 and 116, a phase lock loop (PLL) 114, a 90 degree phase 
shifter 108, variable amplifiers 118 and 120, and power detectors 122 and 124. 
The direct conversion receiver 100 performs a single frequency conversion to 
select and down-convert a desired or selected channel from RF input signal 1 02. 
In doing so, the amplifier 104 receives and amplifies the RF input signal 102 
having the plurality of TV channels. The mixers 1 06 and 110 both receive the RF 
input signal 102 from the amplifier 104 and also receive a local oscillator signal 
from the PLL 114. For direct conversion, the frequency of the PLL 1 14 is tuned 
to the frequency of the desired channel in the RF input signal 102 that is to be 
selected and viewed. For example, if the desired channel in the RF input signal 
1 02 is at 1 00 MHz, then the PLL 1 1 4 is tuned to 1 00 MHz, so that the mixers 1 06 
' and 1 10 down-convert the desired channel in the RF signal 102 to DC. In the Q 
channel, the local oscillator from the PLL 1 14 is phase-shifted by 90 degrees to 
generate the Q baseband signal 128. 

[0020] In TV and cable tuners, the PLL 114 can be controlled by a control signal 

130 so to tune the frequency of the LO signal produced by the PLL 114, and 
thereby control the channel selection that is down-converted to baseband by the 
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mixers 106 and 110. Control signals for tuner control are well known to those 
skilled in the arts, 

[0021] The lowpass filter 112 filters the output of the mixer 106 to remove 

unwanted spurious energy that is above baseband, and the lowpass filter 116 
perfonn the same operation on the output of the mixer 110. The amplifier 118 
variably amplifies the filtered output of the lowpass filter 112 to generate the I 
baseband signal 126, and ampHfier 120 vmiably amplifies the filtered output of 
the lowpass filter 116 to generate the Q baseband signal 128. The variable 
amplifier 1 1 8 is controlled by the power detector 122 to provide gain and power 
control of the I basebmid signal 126. Likewise, the variable amplifier 120 is 
controlled by the power detector 124 to provide gain and power control of the Q 
baseband signal 128. For instance, it may be desirable to set a specific or constant 
power output for the I and Q baseband signals 126 and 128. 
[0022] The I and Q baseband signal baseband signals 126 and 128 are centered 

around 0 Hz and represent a single channel selected and down-converted fi"om the 
RF input signal 102. For analog TV signals, the I and Q baseband signals 126 and 
128 occupy from 0-3 MHz, and typically include a picture carrier at 2 MHz, as 
shown in FIGs. 2B and 2C. The picture carrier is a pure tone that operates as a 
reference tone for the rest of the spectrum in the I and Q baseband signals 126 
and 128. In other words, other parts of the baseband spectrum can be identified 
based on its location relative to the 2MHz picture carrier. 
[0023] Analog TV signals include an active period and inactive period when 

examined over time. The active period carries useful channel information, and the 
inactive period allows the TV screen to re-trace, which is known as horizontal 
blanking or horizontal sync. During this time, the screen retraces or updates the 
picture, but this is done at such a rate as to be imperceptible to the human eye. 
[0024] FIG. 2B and 2C are representative of the active period of the I and Q 

baseband signals 126 and 128. During the active period, the I and Q baseband 
signals 126 and 128 are centered around 0 Hz and represent a single channel 
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selected and down-converted from the RF input signal 102. For analog TV 
signals, the I and Q baseband signals 126 and 128 occupy from 0-3 MHz, and 
typically include a picture carrier at 2 MHz. FIGs. 2D and 2E represent the 
inactive period that occurs during horizontal blanking. During the inactive period, 
the I and Q baseband signals 1 26 and 1 28 only carry the picture carrier at 2MHz, 
and carry no useful signal information. The spectrums shown in FIGs. 2B-2E are 
depicted as being symmetrical around 0 Hz, and include the negative frequeiicy 
periods for mathematical completeness. 

[0025] During the active periods (FIGs. 2B and 2C), the I baseband signal 126 

and the Q baseband signal 128 occupy from -^3 MHz to 3 MHz continuously, 
including spectrum at 0 Hz. However, during the inactive period (FIGs. 2D and 
2E), there is no desired signal at 0 Hz. Therefore, this time-period during the 
inactive period can be used to determine the DC offset voltage and other noise at 
0 Hz, since this is the only energy that is present at 0 Hz during this time. 

[00261 FIG. 3 illustrates a DC compensation circuit 300 according to 

embodiments of the present invention. The DC compensation circuit 300 restores 
the frequency spectrum of an input signal by removing any DC offset and any 
unwanted noise at or near 0 Hz, such as 1/f noise. Furthermore, the DC 
compensation circuit 300 performs DC compensation without nulling the input 
signal spectrum during active periods of the input signal, so that no signal 
information is lost at 0 Hz during the active period of the input signal. Together, 
the DC offset and the 1/f noise, or any other noise at DC, can be refenred to as 
unwanted DC noise for convenience of discussion. 

[0027] The DC compensation circuit 300 includes switches 302a and 302b, 

storage elements 304a and 304b, summers (or combiners) 306a and 306b, loop 
filters 308a and 308b, and a demodulator 310. The DC compensation circuit 300 
is configured to process I and Q baseband signals, such as the I and Q baseband 
signals 126 and 128 that are generated by the IQ direct conversion receiver 100. 
^ As discussed above, in one embodiment, the I and Q baseband signals 126 and 
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128 represent a down-converted baseband TV channel from a plurality of TV 
channels in the RF input signal 102. The DC compensation circuit 300 generates 
an I baseband signal 3 12a and a Q baseband signal 3 12b that have reduced DC 
offset and/or reduced 1 /f noise compared to the I and Q baseband signals 1 26 and 
128. The operation of the DC compensation 300 will be further described with 
reference to the flowchart 400 shown in FIG. 4. 

[0028] In step 402, the terminals 301a and 301b receive the I and Q baseband 

signals 126 and 128. As discussed above, the I and Q baseband signals 126 and 
128 represent a down-converted analog TV channel having a continuous 
frequency spectrum. For example, during the active period (or time period) of the 
TV signal, the I and Q baseband signals 126 and 128 haye a frequency spectrum 
that occupies from -3MHz to 3MHz, including information at 0 Hz or DC, as 
shown in FIGs. 2B and 2C. 

[0029] In step 404, the switch 302a samples the I baseband signal 126a during an 

inactive period of the signal. Similarly, the switch 302b samples the Q baseband 
signal during the inactive period of the signal. For exarnple, for a TV channel, the 
switches 302a and 302b can sample the respective I and Q baseband signals 1 26 
and 1 28 during the horizontal blanking period. As shown in FIGs. 2C and 2D, the 
I and Q baseband signals 126 and 128 carry no signal information during the 
horizontal blanking period, and only intentionally carry the picture carriers at 2 
MHz. However, DC offset and noise may also be present during the horizontal 
blanking period at 0 Hz. Therefore, the switches 302a and 302b can sample the 
DC offset and noise at 0 Hz, without interference from the TV channel 
information that is present during the active periods of the signal. 

[0030] In step 406, the storage elements 304a and 304b store the respective 

outputs of the switches 302a and 302b during the remainder of the inactive signal 
period. For example, the storage element 304a can be a capacitor or other storage 
device that stores sampled I energy from the switch 302a during the remainder of 
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the inactive period. Likewise, the storage element 304b stores sampled Q energy 
from the switch 302b during the remainder of the inactive period. 

[0031] In step 408, the loop filters 308a and 308b isolate the spectrum around 0 

Hz to determine the unwanted DC noise (e.g. DC offset and 1/f noise). For 
example, the loop filter 308a has a passband around 0 Hz that isolates the DC 
spectrum of the I sampled output of the storage element 304a. Likewise, the loop 
filter 308b has a passband around 0 Hz that isolates the DC spectrum of the Q 
sampled output of the storage element 304b. Since the I and Q sampled signals 
were taken during the inactive signal periods, then the outputs of the filters 308a 
and 308b represent the unwanted DC noise in the I and Q baseband signals 126 
and 128, respectively. 

[0032] In step 410, the summers/combiners 3 06a and 3 06b subtract the unwanted 

DC noise from the I and Q baseband signals 126a and 126b, to generate I and Q 
baseband signals 312a and 312b having reduced unwanted DC noise. For 
example, the summer/combiner 306a subtracts the unwanted DC noise, supplied 
by the lowpass filter 308a, from the I baseband signal 126 during the active 
period of the TV signal. Likewise, the summer/combiner 306b subtracts the 
unwanted DC noise^ supplied by the low pass filter 308b, from the Q baseband 
signal 128 during the active period of the TV signal. The baseband outputs 3 12a 
and 312b have reduced DC noise, such as DC offset and reduced 1/f noise. 
Furthermore, because the unwanted DC noise is sampled and determined during 
the inactive period of the TV signal, no null is introduced in the baseband signal 
at DC. 

[0033] In step 412, the demodulator 310 demodulates the baseband outputs 312a 

and 312b with reduced baseband noise to generate outputs 314a and 314b. 

[0034] The DC compensation circuit 300 can be described as a feed-forward 

configuration because the input baseband signal is sampled during the inactive 
portion to determine the unwanted DC noise. The unwanted DC noise is then fed 
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forward (after filtering) in order to be subtracted during the active portion of the 
input baseband signal. 

[0035] Alternatively, the unwanted DC noise could be sampled and determined 

during the inactive portion and then fed back (after filtering) in order to be 
subtracted during the active portion of the input baseband signal. For example, 
the DC compensation circuit 500 in FIG. 5 illustrates a feedback configuration, 
where the unwanted DC noise is sampled and fed back (after filtering) for 
subtraction from the input baseband signal during the active portion of the input 
baseband signal. The operation of the DC compensation circuit 500 will be 
apparent to those sldlled in the arts based on the prior discussion of the DC 
compensation circuit 300. The present invention is not limited to the feed back 
and feed forward configurations described herein. Those skilled in the arts may 
recognize other configurations for DC compensation that are within the scope and 
spirit of the present invention, based on the discussion given herein. 

[0036] FIG. 6 further describes DC offset compensation for direct conversion of 

analog TV signals. More specifically, FIG. 6 illustrates a flowchart 600 that 
describes direct down-conversion of a desired channel in an RF input signal, and 
then reducing or eliminating unwanted DC noise from the down-converted 
channel according to embodiments of the present invention. The down-converted 
channel could be an analog television channel for example, 

[0037] In step 602, an RF input signal is received having a plurality of TV 

channels. For example, the RF input signal 1 02 is illustrated having a plurality of 
TV chaimels having a 6 MHz bandwidth, a 8 MHz bandwidth, or some other 
bandwidth. 

[0038] In step, 604, a quadrature LO signal is generated having a frequency that 

' is tuned to select a particular channel in the RF input signal for down-conversion 
to baseband. More specifically, the frequency of the LO signal is set equal to the 
frequency of the desired channel in the RF input signal that is to be selected and 
viewed. For example, the PLL 114 generates a quadrature LO signal having a 
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frequency that is set to down-convert a desired channel in the RF input signal 1 02 
using the quadrature mixers 106 and 110. As discussed above, the PLL 114 can 
be controlled by the control signal 1 30, as will be understood by those skilled in 
the arts. 

[0039] In step 606, the selected channel in the RF input signal is directly down- 

converted to baseband using the quadrature LO signal. For instance, the selected 
channel in the RF input signal 102 is directly down-converted to DC by the 
mixers 106 and 110 using the quadrature LO signal that is generated by the PLL 
1 14, to generate I and Q baseband signals 126 and 128. 

[0040] In step 608, the unwanted DC noise in the selected baseband channel is 

determined during an inactive period of the TV signal. For example, the I and Q 
baseband signals 126 and 128 are sampled during the inactive period of the 
down-converted TV channel (e.g. the horizontal sync or trace), to determine the 
unwanted DC noise. The unwanted DC noise can include any DC offset and/or 
1/f noise, or other noise that exists in and around 0 Hz. 

[0041] In step 610, the unwanted DC noise is filtered and stored for the 

remainder of the inactive period of the down-converted TV channel. For example, 
the unwanted DC noise is stored and filtered by the storage elements 304 and 308 
for the I and Q baseband signals 126 and 128. 

[0042] In step 612, the selected down-converted channel is compensated for the 

unwanted noise during an active period of the down-converted channel. For 
example, the summers/combiners 306 respectively subtract the unwanted DC 
noise jfrom the I and Q baseband signals 126 and 128 that represent the down- 
converted channel, to generate I and Q baseband signals 3 12a and 3 1 2b that have 
reduced unwanted DC noise, including reduced or eliminated DC offset and 1/f 
noise. 

[0043] The DC compensation circuits described herein can be implemented 

using a standard CMOS process, which has the advantages of low cost and low 
power. Furthermore, the DC compensation circuits described herein can be 
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implemented on a common substrate with a direct conversion receiver or tuner 
(e.g. receiver 100), or the DC compensation circuits can be implemented on a 
separate substrate from the receiver. 

Conclusion 

[0044] Example embodiments of the methods, systems, and components of the 

present invention have been described herein. As noted elsewhere, these example 
embodiments have been described for illustrative purposes only, and are not 
limiting. Other embodiments are possible and are covered by the invention. 
Such other embodiments will be apparent to persons skilled in the relevant art(s) . 
based on the teachings contained herein. Thus, the breadth and scope of the 
present invention should not be Hmited by any of the above-described exemplary 
embodiments, but should be defmed only in accordance with the following claims 
and their equivalents. 
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